Background It has been suggested that snoring alone, without conventional sleep apnoea or hypopnoea, may disrupt sleep and produce substantial daytime hypersomnolence. This study addresses this potential relationship. Method Eight hundred and fifty men, aged 35-65 years, drawn from one general practice were visited at home and asked a range of questions potentially related to sleepiness, snoring, and sleep apnoea; these included inquiries about alcohol and cigarette consumption, nasal stuffiness, shift work, hypnotic or other drug use, and medical diagnoses. In addition, measurements of height, weight, and overnight arterial oxygen saturation were made. The relation between snoring and sleepiness, with allowance made for potentially confounding variables, including sleep apnoea, was assessed by multiple logistic regression. Results Positive answers to all questions about sleepiness were correlated significantly with self reported snoring. After potentially confounding variables and any sleep apnoea had been controlled for, positive answers to four questions about inappropriate drowsiness or sleepiness were independently related to snoring. For example, the odds ratio of admitting to "having almost had two or more car accidents while driving due to sleepiness" was 5 8 (95% confidence intervals: 2-7-12-5) in an "often" snorer.
In a community survey of sleep apnoea we collected data on self reported snoring, sleepiness, and other symptoms and overnight recordings of arterial oxygen saturation (Sao2) by home oximetry from 900 men aged years, drawn from one group general practice. ' The prevalence of both daytime sleepiness and snoring in this study was considerable. Although answers to three of the questions on sleepiness were correlated to some extent with the number of hypoxaemic dipping episodes (p < 0-01), answers to the other questions on sleepiness were not. Because snoring alone (in the absence of apnoea, hypopnoea, or hypoxaemia) is now thought to be possibly capable of causing daytime symptoms of sleepiness by disturbing sleep,2 we have analysed our data from the 900 men to investigate this hypothesis.
Unfortunately snoring is a complex marker of many other medical problems that might themselves relate to daytime sleepiness,' 34 (for example, obesity, nasal blockage from rhinitis, asthma, cigarette consumption, alcohol consumption, and consumption of sedative or other medical drugs). We therefore considered it important in this study to try to allow for as many of these confounding variables as possible before arguing that sleepiness may be related independently to snoring. For example, it was failure to allow for the confounding affect of obesity that led to erroneous assertions that snoring alone might produce diurnal hypertension, when both are probably due to the common precipitant obesity, or, perhaps more correctly, upper body obesity.'
Methods

SUBJECTS
A group general practice of four partners serving the town of Wheatley, five miles east of Oxford, allowed us to use their age and sex register to identify all the men aged 35-65 years (1001) who could be contacted by telephone or letter. Subjects were seen over four years. They were selected sequentially according to their year of birth, but the year-of-birth order was randomised. Each subject received a letter of explanation, signed by his general practitioner, followed by a telephone call or letter from one of us. Nine hundred (90%) agreed to be studied and no subject was excluded from the study for any reason other than refusal to participate. Complete data for this analysis of snoring and sleepiness were available on 855 subjects, non-drivers accounting for most of the incomplete sets of data.
TECHNIQUES
A questionnaire was administered to all subjects by the same individual throughout the study. This inquired about a range of factors thought to be potentially important in snoring, sleepiness, and sleep apnoea. Where possible, the questions demanded a choice between "never", "rarely", "sometimes", and "often." We asked several different questions about sleepiness ( (table) . Single logistic regression was then used to establish the effect of "often" snoring on the odds ratio (and 95% confidence limits) for each of the questions on sleepiness (in relation to "never," "rarely", or "sometimes" a snorer). Then for each question on sleepiness all the other potentially important variables were entered first into a logistic regression model, snoring being entered last. The odds ratio for the effect of "often" snoring on each question about sleepiness was thus established, both with and without control for all the potentially confounding variables.
Results
In the single logistic regression analysis positive answers to all the questions about sleepiness (table) were significantly associated with self reported "often" snoring, with odds ratios of up to 5-1 for the question "Have you almost had an accident while driving due to sleepiness?" Some ofthe other factors were also associated with positive answers to the questions on sleepiness, as would be expected. For example, the use of hypnotics produced a highly significant odds ratio for the question "Do you get morning fatigue or fogginess or wake up feeling unrefreshed?" (8-8, 95% confidence interval 2 8-28-2). None of the factors significantly affected answers to all the questions on sleepiness as snoring did. The question showing significant effects from most factors was "Do you get chronic sleepiness, fatigue, or weariness that you cannot explain?" As might be expected, the presence of other illness (2-0, CI 1-2-3-4) and use of medical drugs (I 8, CI 1 1-3 1) were significantly related to a positive answer to this question, as was nasal stuffiness (3-1, CI 1-5-6-6). Age was significantly related to falling asleep while reading or watching television (p < 0-0001). High alcohol consumption was significantly related only to a positive answer to the question "Do you have to pull off the road while driving because of sleepiness" (5-4 CI 1-7-17-3).
In the multiple logistic regression analysis positive answers to four of the seven questions about sleepiness were still significantly related to snoring after all the other significant factors in this study had been controlled for (table). Our measure of sleep apnoea severity (hypoxaemic dipping rate overnight) was significantly related to answers to three of the questions on sleepiness (p < 0-01), but it was never more important than snoring as a predictor of sleepiness and never reduced the significance of this.
A reanalysis of the data using only subjects where the wife was present at the interview (52% of interviews) did not significantly alter the above results, even though the prevalence of "often" snoring in this group was 23% compared with only 10% in the group without wives present at the interview (16-9% prevalence overall).
Discussion
This study has shown that complaints of daytime sleepiness are associated with self reported snoring in middle aged men selected at random. This association remained significant after many potentially confounding variables had been controlled for, particularly when the questions related to overwhelming sleepiness and sleepiness while driving. Snor The data were collected by an administered questionnaire with a 90% response rate and this is more likely to be reliable than postal questionnaires. Sampling bias seems unlikely to have produced this result. The actual history of snoring may be relatively unreliable because we and others have observed discrepancies between the history and objective measures of snoring. If only objective snoring were considered possibly the association with sleepiness might be stronger.
The different questions we used to assess sleepiness covered different aspects of this symptom. Feeling unrefreshed in the morning is different from falling asleep against one's will, or while driving, and is different again from being chronically fatigued or weary. This is presumably why use of hypnotics significantly and independently influenced morning symptoms but not daytime ones. The question about near car accidents was influenced by age, perhaps because driving experience and the opportunity for near accidents, or alternatively perception of impaired performance generally, increases with age. Nasal stuffiness, rather unexpectedly, was related to positive answers to some questions on sleepiness, not only as a partial covariant with snoring but also independently. This may be explained by the observations of Lavie et al,'2 who obstructed (both partially and completely) the nasal passages of normal young adults during sleep and showed that, as well as causing a small increase in the number of apnoeic events, this produced nonapnoeic breathing irregularities that provoked recurrent short arousals.
This association between snoring and sleepiness raises the possibility that snoring may disturb sleep without the characteristic hypoxaemic events that go with apnoea or hypopnoea. Although not all cases of classically defined apnoea or hypopnoea always have falls in Sao2 of more than 4%, the correlation between the rate of apnoeic events (the apnoea index) and the desaturation index is extremely close. 3 2 Gleeson et al have found in normal subjects that arousal due to either hypoxia, hypercapnia, or resistive loading correlates better with the extent of pleural pressure swings than with any blood gas disturbances.2' Arousal could be consistently produced by pressure swings as small as -13 cm H20, much less than is found in some snorers. 22 An alternative hypothesis is that the greater effort required to generate these recurrent, bigger negative intrathoracic pressure swings found in loud snorers somehow produces daytime symptoms of sleepiness or fatigue in the absence of disruption of sleep architecture, as has been suggested in children. 23 If the hypothesis that snoring causes daytime sleepiness is correct, then it represents a considerable problem that could to some extent be soluble. In our study population 17% claimed to be "often" snorers. Had they not been snorers only 2 1 % would have been expected to admit to having almost had more than one accident while driving due to sleepiness, whereas 9 9% actually did so. This means that around 7-8% of 17% or overall 1-3% of men aged 35-65 years (13/1000) 
